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ABSTRACT: 

To protect copyrights, electronic watermarking information is inserted or 
embedded into still or moving image data by an electronic watermark 
inserting apparatus with a simple circuit arrangement. In the electronic 
watermark inserting apparatus, image data is converted into digital image 
data by an input circuit (11), the converted data is divided into a plurality of 
blocks on a screen by a block dividing unit (12), and the divided data is 
filtered by a BPF filter (13). Subsequently, the frequency characteristic of 
the image data is measured for every block by a spectrum measuring unit 
(14) while keeping the image data in a temporal region. An amplitude of 
the input image data is measured for every block to determine for every 
block a mixing ratio of the image data to electronic watermarking information 
on the basis of the strength of or change in the amplitude measured for 
each block. Based on the obtained ratio, an electronic watermark mixing unit 
(16) inserts an electronic watermark into the image data. The invention 
eliminates the need for discrete cosine conversion, in which time series data 
is converted into data of a spatial frequency region, and for the inverse 
discrete cosine conversion thereof. Thus, the electronic watermark inserting 
apparatus is reduced in circuit scale and simplified. 
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(54) Electronic watermark inserting apparatus capable of inserting electronic watermark into tv 
image data in real time, and electronic watermark inserting method 



(57) To protect copyrights, electronic watermarking 
information is inserted or embedded into still or moving 
image data by an electronic watermark inserting appa- 
ratus with a simple circuit arrangement In the electronic 
watermark inserting apparatus, image data is converted 
into digital image data by an input circuit (1 1), the con- 
verted data is divided into a plurality of blocks on a 
screen by a block dividing unit (12), and the divided data 
is filtered by a BPF filter (13). Subsequently, the fre- 
quency characteristic of the image data is measured for 
every block by a spectrum measuring unit (14) while 
keeping the image data in a temporal region. An ampli- 
tude of the input image data is measured for every block 



to determine for every block a mixing ratio of the image 
data to electronic watermarking information on the 
basis of the strength of or change in the amplitude 
measured for each block. Based on the obtained ratio, 
an electronic watermark mixing unit (16) inserts an elec- 
tronic watermark into the image data. The invention 
eliminates the need for discrete cosine conversion, in 
which time series data is converted into data of a spatial 
frequency region, and for the inverse discrete cosine 
conversion thereof. Thus, the electronic watermark 
inserting apparatus is reduced in circuit scale and sim- 
plified. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Held of the Invention s 

[0001 ] The present invention generally relates to an 
electronic watermark inserting apparatus and a method 
thereof. More specifically, the present invention is 
directed to an electronic watermark inserting apparatus 10 
and a method capable of inserting arbitrary electronic 
watermarking information into input image data such as 
a still image and/or a moving picture in real time. 

2. Description of the Related Art 15 

[0002] Watermarking techniques are presently and 
greatly expected in order to protect copyrights about 
electronically-processed data . of audio information, 
video information, and images. Electronic watermarking 20 
information is inserted into image data, which can be 
hardly observed by any persons, so as not to deterio- 
rate image quality of superimposed image data. 
[0003] These watermarking techniques are known 
from, for instance. Japanese Patent Application Laid- 25 
open No. Hei 10-155151. That is. this patent application 
describes the electronic watermark inserting apparatus 
for inserting the electronic watermark into the compres- 
sion-coded image data. FIG. 5 is a block diagram for 
indicating the image data processing apparatus con- 30 
taining an electronic watermark inserting apparatus 20 
proposed in the above-described Japanese patent 
application. The data processing apparatus 20 is com- 
prised of an input circuit 21 for inputting the original 
image data, a discrete cosine converter 22 for convert- 35 
ing the original image data of a real spatial region (tem- 
poral region) into the original image data of the spatial 
frequency region, and an electronic watermark mixer 23 
for embedding the arbitrary electronic watermarking 
information saved in an electronic watermark memory 40 
24 into the featured portion of the converted image. This 
image data processing apparatus further comprises an 
inverse discrete cosine converter 25 for inverse-con- 
verting the image data of a spatial frequency region, 
into which the electronic watermarking information has 45 
been embedded, into the original image data, and an 
output circuit 26 for outputting the inverse-converted 
image data The image data processing apparatus out- 
puts the reproduction data that constitutes the digital 
image data from the output circuit 26. 50 
[0004] An electronic watermarking information 
detecting apparatus indicated in FIG. 6 is capable of 
detecting whether or not the electronic watermark is 
inserted into the arbitrary image data. This electronic 
watermarking information detecting apparatus is com- ss 
prised of an input circuit 31 for inputting the image data 
to be detected, a discrete cosine converter 32 for con- 
verting this input image data into the image data of the 



spatial frequency region, a relative relationship detector 
33 for detecting the relative relationship between the 
converted data of the spaciaJ frequency region and the 
electronic watermarking information stored in an elec- 
tronic watermark memory 34, and a display unit 35 for 
displaying thereon the detection results. 
[0005] Generally speaking, in a data processing 
apparatus containing an electronic watermark inserting 
apparatus, original image data is subdivided into a plu- 
rality of blocks on a display screen, each of which con- 
sists of a certain number of pixels in longitudinal and 
lateral directions Also, the original image data is con- 
verted into image data of a spatial frequency region by 
way of the discrete cosine conversion with respect to 
each of these subdivided blocks. In the spatial fre- 
quency region, a mixing ratio corresponding to a 
strength of a signal is produced, and then arbitrary elec- 
tronic watermarking information previously stored in an 
electronic watermark inserting apparatus is superim- 
posed on the entered original image data. Thereafter, 
the image data is compressed in such a manner that the 
image on which the electronic watermarking information 
is superimposed is quantized to be coded in variable 
length coding. Then, the compressed image data with 
the electronic watermarking information is transmitted. 
[0006] In the above-explained conventional elec- 
tronic watermark inserting apparatus, the entered 
image data of the temporal region is converted into the 
image data of the spatial frequency region, and this con- 
verted input image data of the spatial frequency region 
is superimposed with the arbitrary electronic water- 
marking information, and thereafter, the superimposed 
image data of the spatial frequency region is inverse- 
converted into the image data of the temporal region. In 
this case, in order to superimpose the input image data 
with the electronic watermarking information at a high 
speed, since both the discrete cosine converting circuit 
and the inverse discrete cosine converting circuit are 
required, the entire circuit scale is increased. Thus, 
there is a problem of circuit scale in the electronic water- 
mark inserting apparatus. 

[0007] For instance, a discrete cosine converting 
operation corresponds to such a repetitive calculation 
that a multiplication and an addition are combined with 
each other. To execute the discrete cosine conversion 
once, a total number of required multiplications is (total 
data number of block x IcKfc total data number) 2 . A sim- 
ilar calculation is required to execute an inverse discrete 
cosine converting operation. Assuming now that a total 
number of longitudinal/lateral pixels within 1 block is 
equal to 8 8, such a calculation must be carried out 576 
times per block. 

[0008] In this case, for example, a television screen 
of a television receiver with employment of the NTSC 
TV system is constituted by 720 pixels x 480 pixels, and 
1 block has 8 columns x 8 rows. Accordingly, 1 screen is 
constructed of 5.400 blocks. As a result, in the case that 
electronic watermarking information is embedded into 
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input image data of the NTSC TV system, the discrete 
cosine converting operation is carried out 3,110.400 
(namely, 5,400 x 576) times. Similarly, the inverse dis- 
crete cosine converting operation must be carried out 
3,110,400 times. In this NTSC television system, in 5 
order to display 1 frame of image, since the following 
process operations should be carried out within 16 milli- 
seconds, the resulting circuit scale required to embed 
the electronic watermarking information in real time is 
increased. In the processing operations, the above- w 
explained discrete cosine converting/inverse-discrete 
cosine converting operations are performed, the 
strength of the signal within the spatial frequency region 
is calculated, and the electronic watermarking informa- 
tion is superimposed on the input image data. 15 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in 
view of the above, and therefore, an object of the 20 
present invention is to provide a simple electronic water- 
mark inserting apparatus capable of inserting electronic 
watermarking information into input image data of a tel- 
evision receiver and the like, and uncomplicated in cir- 
cuit arrangement. 25 
[0010] To achieve the above-explained object, 
according to a first aspect of the present invention, there 
is provided an electronic watermark inserting apparatus 
for embedding arbitrary electronic watermarking infor- 
mation into a still image or a moving picture, character- 30 
ized by comprising: 

a block dividing circuit for dividing input image data 
into a plurality of pixel blocks on a display screen, 
the Woes sectioning the screen in unit of a certain 35 
number of pixels in longitudinal and lateral direc- 
tions; 

an amplitude measuring circuit for measuring an 
amplitude of the input image data for every pixel 
block; 40 
a mixing ratio determining circuit for determining for 
every pixel block a mixing ratio between the input 
image data and the electronic watermarking infor- 
mation based upon a relationship between the val- 
ues of the amplitudes measured for every pixel 45 
block; and 

a mixing device for mixing the input image data with 
the electronic watermarking information based on 
the mixing ratio determined for every pixel block. 

50 

[001 1 ] According to a second aspect of the present 
invention, there is provided an electronic watermark 
inserting apparatus for embedding arbitrary electronic 
watermarking information into a still image or a moving 
picture, characterized by comprising: 55 

a block dividing circuit for dividing input image data 
into a plurality of pixel blocks on a display screen, 



the blocs sectioning the screen in unit of a certain 
number of pixels in longitudinal and lateral direc- 
tions; 

a frequency characteristic measuring circuit for 
measuring a frequency characteristic of the input 
image data; 

a mixing ratio determining circuit for determining for 
every pixel block a mixing ratio between the input 
image data and the electronic watermarking infor- 
mation based upon the frequency characteristic 
measured for every pixel block; and 
a mixing device for mixing the input image data with 
the electronic watermarking information based on 
the mixing ratio determined for every pixel block. 

[0012] According to a third aspect of the present 
invention, there is provided an electronic watermark 
inserting method for embedding arbitrary electronic 
watermarking information into a still image or a moving 
picture, characterized by comprising the steps of: 

dividing input image data into a plurality of pixel 
blocks on a display screen, the blocs sectioning the 
screen in unit of a certain number of pixels in longi- 
tudinal and lateral directions 
measuring an amplitude of the input image data for 
every pixel block; 

determining for every pixel block a mixing ratio 
between the input image data and the electronic 
watermarking information based upon a relation- 
ship between the values of the amplitudes meas- 
ured for every pixel block; and 
mixing the input image data with the electronic 
watermarking information based on the mixing ratio 
determined for every pixel block. 

[0013] According to a fourth aspect of the present 
invention, there is provided an electronic watermark 
inserting method for embedding arbitrary electronic 
watermarking information into a still image or a moving 
picture, characterized by comprising the steps of: 

dividing input image data into a plurality of pixel 
blocks on a display screen, the blocs sectioning the 
screen in unit of a certain number of pixels in longi- 
tudinal and lateral directions; 
measuring a frequency characteristic of the input 
image data; 

determining for every pixel block a mixing ratio 
between the input image data and the electronic 
watermarking information based upon the fre- 
quency characteristic measured for every the pixel 
block; and 

mixing the input image data with the electronic 
watermarking information based on the mixing ratio 
determined for every pixel block. 

[0014] In the electronic watermark inserting appa- 
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ratus and method of the present invention, the input 
image data is subdivided into the image blocks and the 
data characteristic of either the frequency characteristic 
or the amplitude is measured for every block while keep- 
ing the divided image data in the temporal region, and 5 
the mixing ratio of the electronic watermarking informa- 
tion to the image data is determined for every image 
data of each divided block. As a result the electronic 
watermark inserting apparatus and inserting method 
can be made simple, eliminating the need for the com- 10 
plex discrete cosine conversion and also the complex 
inverse discrete cosine conversion. 
[0015] Preferably, the frequency characteristic 
measuring circuit for measuring the frequency charac- 
teristic of the image data may include a first filter group is 
for measuring a frequency characteristic of the pixel 
block along the horizontal direction, and a second filter 
group for measuring a frequency characteristic of the 
pixel block along the vertital direction, and each of the 
first filter group and the second filter group owns a 20 
band-pass filter having a centra) frequency at a fre- 
quency related to a sampling frequency along the hori- 
zontal direction and a sampling frequency along the 
vertical direction, respectively. 

[0016] This band-pass filter comprises combina- 25 
tions of multiplying elements, adding elements, and 
delay elements in an analog circuit. When the cut-off 
frequency characteristic of this band-pass filter is made 
sharp, a total number of these element combinations is 
increased. However, a digital filter circuit may be real- 30 
ized by actually performing a bit shift instead of a multi- 
plication, if 1/2, 1/4, 1/8, and numerals obtained by 
multiplying these values by an integer are used as a 
multiplier of a multiplying circuit. In this case, since the 
bit shift is completed by merely shifting connections of 35 
wiring lines, a complex multiplying circuit is no longer 
required, and also, the digital filter circuit may be consti- 
tuted by employing only an adder circuit and a delay ele- 
ment. Therefore, although a total number of data 
calculations is the same, the circuit scale of the band- 40 
pass filter can be greatly reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] For a better understanding of the present 45 
invention, reference is made of a detailed description to 
be read in conjunction with the accompanying drawings, 
in which: 

FIG. 1 is a schematic block diagram showing an so 
arrangement of an electronic watermark inserting 
apparatus according to an embodiment of the 
present invention; 

FIG. 2 is a flow chart illustrating electronic water- 
mark inserting operation by the electronic water- ss 
mark inserting apparatus shown in FIG. 1 ; 
FIG. 3 is a graph illustrating a gain characteristic of 
a BPF (band-pass filter) of a first group within a 



BPF group shown in FIG. 1 ; 
FIG. 4 is a graph illustrating a gain characteristic of 
a BPF (band-pass filter) of a second group within 
the BPF group shown in FIG. 1; 
FIG. 5 is a schematic block diagram showing the 
signal processing circuit containing a conventional 
electronic watermark inserting apparatus; and 
FIG. 6 is a schematic block diagram showing a con- 
ventional electronic watermarking information 
detecting apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] . Referring now to the drawings, various pre- 
ferred embodiments of the present invention will be 
described more in detail. 

ARRANGEMENT OF ELECTRONIC WATERMARK 
INSERTING APPARATUS 

[0019] FIG. 1 schematically shows an arrangement 
of an electronic watermark inserting apparatus accord- 
ing to a first embodiment of the present invention. Refer- 
ring to FIG. 1, this electronic watermark inserting 
apparatus is comprised of an input circuit (A/D con- 
verter) 1 1 for inputting analog input image data and for 
converting this analog input image data into digital 
image data; a block dividing unit 12 for entering the dig- 
ital image data and for dividing this input digital image 
data into pixel blocks each consisting of 8 (in width) x 8 
(in length) pixels on a display screen; and a band-pass 
filter (BPF) group 1 3 for filtering out a plurality of specific 
frequencies along both the longitudinal direction and the 
lateral direction from the digital image data of each of 
these pixel blocks. The electronic watermark inserting 
apparatus further comprises a spectrum measuring unit 
14 for measuring a spectrum strength of each of these 
specific frequency components outputted from the BPF 
group 13; an amplitude measuring circuit 15 for measur- 
ing amplitudes of the digital image data along the longi- 
tudinal direction and the lateral direction, outputted from 
the block dividing unit 12; a mixing ratio determining unit 
16 for determining for every pixel block a mixing ratio of 
the digital image data to electronic watermarking infor- 
mation based upon the spectrum strength output of the 
spectrum measuring unit 14 and the amplitude outputs 
of the amplitude measuring unit 1 5; an electronic water- 
mark mixing unit 17 for superimposing the electronic 
watermarking information on the digital image data 
based upon the mixing ratio determined for every block; 
an electronic watermark memory 18 for storing elec- 
tronic watermarking information to be superimposed; 
and an output circuit (D/A converter) 19 for converting 
the digital image data outputted from the electronic 
watermark mixing unit 17 into an analog signal to pro- 
duce reproduction data. 

[0020] Generally speaking, when electronic water- 
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marking information is superimposed on an image sig- 
nal, a deterioration occurs in an original image. As a 
human eye characteristic, when an electronic water- 
mark and the like are embedded as noise into an image 
whose frequency is constant, or low, this may be easily 
recognized as an image deterioration, When electronic 
watermarking information is inserted into a straight- 
lined edge, or an arc, since these lines are changed to 
have a zig-zag form, this may also be readily recognized 
as an image deterioration. As a result, in the case that 
electronic watermarking information is to be embedded 
into image data, it is required to detect a feature of this 
image data, and then to adjust a mixing ratio of the 
image data to the electronic watermarking information 
in order not to cause such an image deterioration. 

ELECTRONIC WATERMARK INSERTING PROCESS 
OPERATION 

[0021 ] FIG. 2 is a flow chart illustrating an electronic 
watermark inserting process operation executed by the 
above-described electronic watermark inserting appa- 
ratus according to the first embodiment In the process 
performed by the electronic watermark inserting appa- 
ratus and shown in FIG. 2, input image data is first A/D- 
converted by the input circuit 1 1 at a step S1 . Next, this 
digital input image data is subdivided into a plurality of 
digital image data in the unit of a block by using the 
block dividing unit 12 at a step S2. The block dividing 
unit 12 divides the data into, for example, 5400 pieces of 
data when the data is of a television image having 720 x 
480 pixels in a single screen and one block consists of 
8x8 pixels. Then, at a step S3, the image data of each 
of these subdivided blocks is filtered by the BPF group 
13 so as to extract a frequency component from each of 
the subdivided blocks. 

[0022] FIG. 3 shows a gain characteristic of BPF 
(containing LPF) of a first group contained in the BPF 
group 13 and employed to extract a frequency along the 
horizontal direction, and FIG. 4 shows a gain character- 
istic of BPF of a second group included in the BPF 
group 13 and used to extract a frequency along the ver- 
tical direction. In FIG. 3. the BPF of the first group for 
extracting the frequency along the horizontal direction 
corresponds to a set of BPF 5 to BPF 1, which are 
obtained using half the horizontal sampling frequency in 
the MPEG system of 13.5 MHz as a reference fre- 
quency. These BPF 5 to BPF 1 own as central frequen- 
cies. 6.75 MHz; 5.06 MHz (3.375+1.69 MHz); 3.375 
MHz; 1.69 MHz; and 0 MHz, respectively. A bandwidth 
of each of the BPF 5 to BPFLis ± 0.5MHz from the cen- 
tral frequencies thereof. In FIG. 4, the BPF (including 
LPF) of the second group for extracting the frequency 
along the vertical direction corresponds to a set of BPF 
10 to BPF 6. which are obtained using half the scanning 
frequency in the vertical direction of 15.75 KHz as a ref- 
erence frequency. These BPF 10 to BPF 6 own as cen- 
tral frequencies. 7.87 KHz; 5.90 KHz (3.93 + 1.97 KHz); 



3.93 KHz; 1.97 KHz; and 0 KHz, respectively. A band- 
width of each of the BPF 1 0 to BPF6 is ± 0.66 KHz from 
the central frequencies thereof. At a step S3, this filter 
group 1 3 is employed so as to extract the respective fre- 
5 quency components which is acquired while the block 
image data are sequentially outputted along the hori- 
zontal direction and the vertical direction. 
[0023] Next at a step S4, the spectrum measuring 
unit 14 extracts a spectrum amount with respect to each 
10 of the frequency components. In other words, the spec- 
trum strengths of the respective frequency components 
extracted at the previous step 53 are measured. 
[0024] Next, at a step S5, the amplitude measuring 
unit 15 detects an amplitude of the original image data 

is and also a changing characteristic thereof. 

[0025] Subsequently, a check is made at a step S6 
on the magnitude of this detected amplitude. When the 
amplitude is small, namely when the image is dark, and 
when the amplitude is large, namely when the image is 

20 light, since the electronic watermarking information can 
be hardly observed, the mixing ratio of the electronic 
watermarking information to the image data is set to a 
large value (step S7). Also, in the case that the ampli- 
tude judged at the step S6 is an approximately medium 

25 value, human eyes can recognize this intermediate fre- 
quency very well. However, since the mixing ratio is 
changed depending on the magnitude of frequency 
components of the electronic watermarking information, 
the mixing ratio may be determined based upon the fre- 

30 quency characteristic as follows: 

[0026] At a step S8, the mixing ratio determining 
unit 16 first judges as to whether or not the image data 
of each of these subdivided blocks along the longitudi- 
nal direction and the lateral direction owns a peak at a 

35 frequency in the vicinity of the frequency of the elec- 
tronic watermarking information. In such a case that the 
image data of each of the subdivided blocks along the 
longitudinal direction and the lateral direction owns a 
large spectrum strength at the frequency near the fre- 

40 quency of the electronic watermarking information, 
since the electronic watermarking information is hidden 
under the image data, the mixing ratio determining unit 
1 6 sets the mixing ratio to a large value (step S9). At the 
previous step S8, when the image data of the respective 

45 blocks own such frequency characteristics greatly differ- 
ent from the electronic watermarking information, the 
mixing ratio determining unit 16 judges as to whether or 
not a spectrum amount at a high frequency range por- 
tion of each of the block image data is large (step S10). 

so In this case, when the block image data owns a rela- 
tively small spectrum at the high frequency range por- 
tion, this mixing ratio determining unit 1 6 sets the mixing 
ratio to a small value (step S1 1). Conversely, when the 
block image data owns a large spectrum at the high fre- 

55 quency range portion, the mixing ratio determining unit 
16 sets the mixing ratio to a medium value (step S12). 
Thereafter, in any case, the electronic watermarking 
information is superimposed on the image data based 
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upon the determined mixing ratio in the electronic 
watermark mixing unit 19. 

MODIFICATIONS 

5 

[0027] In general, a mixing ratio of an electronic 
watermark is set in a range of between 0 and 1 with 
respect to the input image data 100 of each of the 
blocks. When an amplitude of image data is large, 
namely this image is light, and an amplitude of image 10 
data is small, namely this image is dark, since electronic 
watermarking information can be hardly observed, a 
mixing ratio of the electronic watermarking information 
to the image data is set to a large value. However, in 
such a case that an amplitude of image data is an inter- is 
mediate level, human eyes can recognize this image 
data very well, so that the electronic watermarking infor- 
mation can be readily observed. As a result, the mixing 
ratio of the electronic watermarking information is set to 
be a small value. Also, in the case that an amplitude of 20 
image data is an intermediate level and furthermore this 
image data contains a small amount of the same fre- 
quency components, although the electronic water- 
marking information can be easily observed, if the 
frequency of the image data is separated from the fre- 25 
quency of the electronic watermarking information, then 
this electronic watermarking information can be hardly 
observed. As a consequence, this electronic water- 
marking information may be inserted into the image 
data to some extent. In any cases, the mixing ratio may 30 
be preferably determined based upon both the ampli- 
tude characteristic and the frequency characteristic, 
while the electronic watermarking information can be 
hardly observed. 

[0028] As the electronic watermarking information 35 
stored in the electronic watermark memory 18, for 
instance, electronic watermarking information displayed 
on an entire screen, or electronic watermarking infor- 
mation displayed only on a predetermined screen por- 
tion may be employed. Furthermore, such electronic 40 
watermarking information may be employed which is 
inserted into only an image data block having an ampli- 
tude equal to or higher than a preselected amplitude' 
level at a specific frequency. 

[0029] In the above-described embodiment, after 45 
the amplitude of the image data is judged at the step S6, 
the mixing ratio determining unit 16 detects as to 
whether or not the same frequency components are 
large at the step S8. Alternatively, the process opera- 
tions executed at these steps S6 and S8 may be carried so 
out in the reverse order. 

[0030] In the above-explained embodiment, the 
description is given with respect to the example in which 
the mixing ratio is determined based on the frequency 
characteristic and by checking the multitude of the 55 
amplitude on the image data, but the present invention 
is not limited thereto. Alternatively, instead of this fre- 
quency characteristic, for example, the mixing ratio may 



be determined by detecting a changing characteristic of 
a frequency characteristic, namely by checking such a 
characteristic indicating how a spectrum amount along 
either the longitudinal direction or the lateral direction 
changes. 

[0031] In this alternative case, if the frequency 
change becomes large, then the electronic watermark- 
ing information can be hardly observed. As a conse- 
quence, the mixing ratio is set to a large value. 
Alternatively, the mixing ratio may be determined in 
accordance with only the amplitude and/or the ampli- 
tude change. Furthermore, the mixing ratio may be 
determined based only on the frequency characteristic. 
[0032] Also, with respect to the frequency charac- 
teristic measuring circuit for measuring the frequency 
characteristic of the image data, there are provided the 
first filter group and the second filter group. The first fil- 
ter group measures the frequency characteristic of the 
pixel block along the horizontal direction. The second fil- 
ter group measures the frequency characteristic of the 
above-described pixel block along the vertical direction. 
Each of the first filter group and the second filter group 
is constituted by such a band-pass filters having the 
central frequencies located at frequencies related to 
both the sampling frequency in the horizontal direction, 
and also the sampling frequency in the vertical direc- 
tion. 

[0033] This band-pass filer comprises combina- 
tions of multiplying elements, adding elements, and 
delay elements with each other. When the cut-off fre- 
quency characteristic of this band-pass filter is made 
sharp, a total number of these element combinations is 
increased. However, a digital filter circuit may be real- 
ized actually by performing a bit shift instead of a multi- 
plication, if 1/2, 1/4, 1/8, and numerals obtained by 
multiplying these values by an integer are used as a 
multiplier of a multiplying circuit. In this case, since the 
bit shift is completed by merely shifting connections of 
wiring lines, a complex multiplying circuit is no longer 
required, and also, the digital filter circuit may be consti- 
tuted by employing only a bit shift circuit, an adder cir- 
cuit, and a delay element. Therefore, although a total 
number of data calculations is the same, the circuit 
scale of the band-pass filter can be greatly reduced. 
[0034] While the present invention has been 
described in accordance with the above-explained pre- 
ferred embodiments, the electronic watermark inserting 
method and apparatus of the present invention are not 
limited to the arrangements of these preferred embodi- 
ments, but may be modified, changed, and substituted 
without departing from the technical spirit and scope of 
the present invention. 

[0035] In the electronic watermark inserting appa- 
ratus of the present invention, the input image data is 
subdivided into the respective blocks and either the fre- 
quency characteristic or the amplitude is obtained while 
keeping the temporal region, and the mixing ratio of the 
electronic watermarking information to the image data 
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is determined without changing the image data into the 
spatial frequency region. As a result, there is such an 
effect that the electronic watermark inserting apparatus 
and inserting method can be made simple, eliminating 
the need for the complex discrete cosine conversion 
and also the complex inverse discrete cosine conver- 
sion. 

Claims 

1. An electronic watermark inserting apparatus for 
embedding arbitrary electronic watermarking infor- 
mation into a still image or a moving picture, com- 
prising: 

a block dividing circuit for dividing input image 
data into a plurality of pixel blocks on a display 
screen, the blocs sectioning the screen in unit 
of a certain number of pixels in longitudinal and 
lateral directions; 

an amplitude measuring circuit for measuring 
an amplitude of the input image data for every 
pixel block; 

a mixing ratio determining circuit for determin- 
ing for every pixel block a mixing ratio between 
the input image data and the electronic water- 
marking information based upon a relationship 
between the values of the amplitudes meas- 
ured for every pixel block; and 
a mixing device for mixing the input image data 
with the electronic watermarking information 
based on the mixing ratio determined for every 
pixel block. 

2. electronic watermark inserting apparatus for 
embedding arbitrary electronic watermarking infor- 
mation into a still image or a moving picture, com- 
prising: 

a block dividing circuit for dividing input image 
data into a plurality of pixel blocks on a display 
screen, the blocs sectioning the screen in unit 
of a certain number of pixels in longitudinal and 
lateral directions; 

a frequency characteristic measuring circuit for 
measuring a frequency characteristic of the 
input image data; 

a mixing ratio determining circuit for determin- 
ing for every pixel block a mixing ratio between 
the input image data and the electronic water- 
marking information based upon the frequency 
characteristic measured for every pixel block; 
and 

a mixing device for mixing the input image data 
with the electronic watermarking information 
based on the mixing ratio determined for every 
pixel block. 



3. An electronic watermark inserting apparatus as 
claimed in claim 2, further comprising an amplitude 
measuring circuit for measuring an amplitude of the 
input image data for every pixel block, wherein the 
5 mixing ratio determining circuit determines the mix- 
ing ratio based upon the frequency characteristic of 
each pixel block and the measured amplitude 
and/or a variation contained in the amplitudes. 

10 4, An electronic watermark inserting apparatus as 
claimed in claim 2 wherein: 

said frequency characteristic measuring circuit 
includes a first filter group for measuring a fre- 
ts quency characteristic of the pixel block along 
the horizontal direction, and a second fitter 
group for measuring a frequency characteristic 
of the pixel block along the vertical direction; 
and 

20 each of said first filter group and said second 

filter group owns a band-pass filter having a 
central frequency at a frequency related to a 
sampling frequency along the horizontal direc- 
tion and a sampling frequency along the verti- 

25 cal direction, respectively. 

5. An electronic watermark inserting apparatus as 
claimed in claim 3 wherein: 

30 said frequency characteristic measuring circuit 

includes a first filter group for measuring a fre- 
quency characteristic of the pixel block along 
the horizontal direction, and a second filter 
group for measuring a frequency characteristic 

35 of the pixel block along the vertical direction; 

and 

each of said first filter group and said second 
filter group owns a band-pass filter having a 
central frequency at a frequency related to a 
40 sampling frequency along the horizontal direc- 

tion and a sampling frequency along the verti- 
cal direction, respectively. 

6. An electronic watermark inserting method for 
45 embedding arbitrary electronic watermarking infor- 
mation into a still image or a moving picture, com- 
prising: 

dividing input image data into a plurality of pixel 
so blocks on a display screen, the Woes sectioning 

the screen in unit of a certain number of pixels 
in longitudinal and lateral directions 
measuring an amplitude of the input image 
data for every pixel block; 
55 determining for every pixel block a mixing ratio 

between the input image data and the elec- 
tronic watermarking information based upon a 
relationship between the values of the ampli- 
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hides measured for every pixel block; and 
mixing the input image data with the electronic 
watermarking information based on the mixing 
ratio determined for every pixel block. 

5 

7. An electronic watermark inserting method for 
embedding arbitrary electronic watermarking infor- 
mation into a still image or a moving picture, com- 
prising: 

10 

dividing input image data into a plurality of pixel 
blocks on a display screen, the blocs sectioning 
the screen in unit of a certain number of pixels 
in longitudinal and lateral directions; 
measuring a frequency characteristic of the is 
input image data; 

determining for every pixel block a mixing ratio 
between the input image data and the elec- 
tronic watermarking information based upon 
the frequency characteristic measured for 20 
every the pixel block; and 
mixing the input image data with the electronic 
watermarking information based on the mixing 
ratio determined for every pixel block. 

25 

8. An electronic watermark inserting method as 
claimed in claim 7, further comprising measuring 
an amplitude of the input image data for every pixel 
block, wherein the mixing ratio determining step 
determines the mixing ratio based upon the fre- 30 
quency characteristic of each pixel block and the 
measured amplitude and/or a variation contained in 
the amplitudes. 

9. An electronic watermark inserting method as 35 
claimed in claim 7 wherein: 

the frequency characteristic measuring step 
measures the frequency characteristic of the 
pixel block along the horizontal direction based 40 
upon a frequency corresponding to a sampling 
frequency of the horizontal direction, and 
measures the frequency characteristic of the 
pixel block along the vertical direction based 
upon a frequency corresponding to a sampling as 
frequency along the vertical direction. 

10. An electronic watermark inserting method as 
claimed in claim 8 wherein: 

50 

the frequency characteristic measuring step 
measures the frequency characteristic of the 
pixel block along the horizontal direction based 
upon a frequency corresponding to a sampling 
frequency of the horizontal direction, and ss 
measures the frequency characteristic of the 
pixel block along the vertical direction based 
upon a frequency corresponding to a sampling 



frequency along the vertical direction. 
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